Induction of programmed cell death has been described during infection with many different viruses. We have investigated the influence of African swine fever virus (ASFV) on apoptosis of different cell populations during in vitro and in vivo infection. We observed apoptosis in ASFV-infected monocyte/macrophage and peripheral blood mononuclear cell cultures. Apoptosis was demonstrated in these cells by DNA fragmentation, DNA staining and DNA-associated histone fraction detection assays. Flow cytometry analysis of infected cultures also showed morphological and functional alterations, including changes in the cell cycle and percentage of cell fractions stained with propidium iodide. After in vivo infection with three different virulent strains of ASFV, apoptosis of infected cells from the mononuclear phagocytic system and closely related elements from different tissues was observed. Additionally, infected pigs showed an intense degree of apoptosis of lymphocytes, which are not infected by the virus. In lymph nodes and other lymphoid organs, broad bands of apoptotic cells presented typical nuclear changes under light microscopy. The occurrence of DNA fragmentation was confirmed in these tissues using terminal deoxynucleotidyl transferase-mediated dUTP nick end labelling. These findings, together with the pathological observations in infected pigs of a depletion in cell populations in lymphoid organs, suggest that virus interference with programmed cell death plays a central role in pathogenesis of this disease, being responsible for lymphoid organ impairment in acute ASFV infection.
Introduction
African swine fever virus (ASFV) is the causative agent of an important disease of swine with a wide variety of clinical forms, ranging from mild to peracute (Vifiuela, I985; Wardley eta[., 1983 ; Martin-Fernandez et al., 1991) , and associated with severe coagulation disorders (Edwards et al., 1984; Villeda et a]., 1993) . ASFV particles consist of large icosahedral capsids, similar to iridoviruses, wrapped by a lipoprotein membrane. The virus genome, a single molecule of dsDNA of about 170 kb with covalently linked ends, has an estimated coding capacity of more than 100 polypeptides (Alcaraz eta]., 1992; Ortln el al., I979; Y~ifiez et al., 1995) , of which at least 34 are thought to correspond to structural proteins (Carrascosa et al., 1985) .
Author for correspondence: Covadonga Alonso. Diverse alterations of the immune system in ASFV-infected pigs have been described. ASFV infects cells of the mononuclear phagocytic system in vitro (Casal eta]., 1984) and in vivo (Ramiro-Ib~ifiez eta] ., 1995), interfering with immune responses mediated by macrophages, and macrophage functions such as phagocytic activity (Martins et al., 1988) . It has been described that after in vitro infection, there is modulation of SLA-I and -II molecules, as well as other surface markers with central roles in the immune response (Canals et at., 1995 ; Gonzalez-Juarrero et aL, I992; Ramiro-Ib~fiez, 1995) . On the other hand, ASFV-induced immunosuppression has been demonstrated by the inability of lymphocytes to proliferate in response to mitogenic lectins (Gonzalez et al., 1990; Wardley, 1982) . This suggests an interaction between the virus and lymphocytes, although these cells are not susceptible to infection (Casal el a]., 1984; Ramiro-Ib~ifiez et aI., 1995) . During virulent virus infection, which causes rapid death of the animal within the first week, no specific immune response against the virus, such as specific antibodies (Pastor & Escribano, 1990) or cytotoxic activity (Nordley & Ward[ey, IP: 54.70.40.11 On: Sat, 13 Apr 2019 00:11:07 1984; Wardley & Wilkinson, 1980) can be demonstrated. However, the complexity of virus interactions with the immune system of the host remains unexplored.
Apoptosis was first described as a morphological pattern of cell death involving chromatin condensation and fragmentation with early sparing of nuclear membrane, apoptotic body formation and phagocytosis (Kerr eta[., 1972) . Underlying this sequence of events there is internucleosomal D N A cleavage in response to a number of agents that activate an endogenous endonuclease (Wyllie et al., 1980) . Recently, an ASFV gene has been identified with homology to bc]-2, bcl-x and bax (Neilan et al., 1993) , a family of genes involved in regulation of programmed cell death, some of which suppress apoptosis. Additionally, other ASFV genes were found that were homologous to baculovirus iap genes, which encode proteins that inhibit apoptosis during virus infection (Y~fiez et al., 1995) . Recently, G6mez-Villamandos et al. (1995) reported the occurrence of apoptosis in uninfected lymphocytes in liver and kidney tissues from ASFV-infected animals, but did not examine any lymphoid organs.
Since previous reports described alterations of macrophages and lymphocytes by ASFV, and considering the homology of ASFV genes with genes involved in programmed cell death, we have examined a possible role of ASFV in apoptosis regulation. We analysed functional, morphological and molecular events involved in programmed cell death, following in vitro and in vivo infections with virulent ASFV and their correlation with the pathogenesis of acute disease.
Hethods
• Cells and viruses. To obtain adherent cell cultures, defibrinated blood was centrifuged at 2000 r.p.m, for 30 min. Buffy coat cells from the interphase were diluted in three volumes of 0"83% (w/v) ammonium chloride and stored for 15 rain at room temperature. They were then centrifuged, resuspended in autologous serum and maintained for 3 days in culture. After that, supernatants were discarded and autologous porcine serum was added.
Peripheral blood mononuclear cells (PBMC) were extracted from heparinized pig blood by dextran sedimentation and PercoI1 gradient. Hypotonic lysis of erythrocytes was done when required. With this extraction protocol, the mononuclear ceil fraction was obtained where the highest percentage corresponded to lymphocytes. Cells (4 x 103 cells per well) were plated in 96-well flat-bottomed plates in RPMI-1640 (Gibco-BRL), 5 % fetal calf serum (FCS), 2 mM-L-glutamine (Gibco-BRL), 5 x I0 -s M-Z-mercaptoethanol (Merck), 20 mM-HEPES (Flow Laboratories), 105 U/ml penicillin and 40 ,g/mi gentamicin.
In vitro infections were performed with the highly virulent ASFV isolates E70, E75 and 608 at various m.o.i. At a m.o.i, of 1, the infection of 90% of cells in culture was obtained by 24 h post-infection, as determined by immunofluorescent staining of infected cultures with a polyclonai anti-ASFV antibody. At lower multiplicities, the numbers of infected cells increased in a time-dependent manner.
• In vivo infections. Five 3-month-old mini-pigs were inoculated intramuscularly with 10 a TCIDs0 of different virulent ASFV isolates; three were inoculated with E70, one with E75 and one with 608. Another group of two mini-pigs was used as uninfected controls. Virulent virus- infected pigs were sacrificed in extremis between days 6-7 post-infection. Animals were sedated with Azaperone (Stresnil; Jansen) and euthanized with Penthobarbital (Euta-Lender; Norman Labs). Necropsies were performed and organs fixed in 10% formalin for histopathologicai analysis.
• Microscopy analysis. Cytospin preparations of adherent cells or PBMC cultures were fixed for 5 rain in 95 % ethanol and stained with Giemsa for cellular morphology analysis. Tissues were fixed in 10% buffered formalin and embedded in paraffin. Sections (5 ~) were mounted on poly-L-Iysine (Sigma)-precoated slides and either stained with haematoxylin and eosin or Giemsa, or prepared for speciaI techniques as described below. For immunohistochemistry, deparaffinized tissue sections were immersed in ammonium citrate buffer pH 6 and heated in a microwave for 10 min. Endogenous peroxidase was quenched with 3% hydrogen peroxide in methanol for 30 min. Sections were washed twice in TBS pH 7"6 for 5 min and incubated in normal goat serum at a 1 : I00 dilution in TBS for I h to block non-specific staining. Without washing, sections were incubated with poIyclonal biotinylated swine anti-ASFV antibody at 1:10 dilution overnight at 4 °C in a humid chamber. Sections were then rinsed twice in TBS for 2 min. To detect antigen, slides were IP: 54.70.40.11
On: Sat, 13 Apr 2019 00:11:07 incubated in extravidin peroxidase (Sigma) for 30 min in a humid chamber at room temperature. After washing three times in TBS, staining was developed in filtered DAB substrate solution with 3 ,I of 30% hydrogen peroxide. Finally, sections were counterstained with haematoxylin, dehydrated with xylene and mounted.
• DNA-speciflc fluorochrome staining. Cells grown on slides or cytospin preparations were air-dried, fixed with cold methanol for 5 rain at room temperature, air-dried again and stored at -20 °C until stained. Fixed coverslips were stained with I0 gg/ml Hoechst dye 33342 (Sigma) in PBS pH 7'5 for 30 min at room temperature in the dark.
• Cell cycle analysis. Cell cycle analysis was carried out according to the method of Krishan (I975) . PBMC were grown in culture plates, infected with the different virus isolates as described and then maintained in a 5 % CO 2 atmosphere at 37 °C for 3 days. Lymphocyte proliferation was induced by addition of 2 I~g/ml Concanavalin A (ConA; Sigma) to the medium. Cells were then washed in PBS containing I g/1 glucose and the sedimented cells fixed in cold 70 % ethanol by slow cell perfusion. Sedimented cells were resuspended in PBS with I g/1 glucose, I00 kU/ml RNase and 50 ,g/ml propidium iodide for at least 30 min at room temperature in the dark. After that, I04 cells were acquired at slow speed in a FACScan flow cytometer (Becton-Dickinson) and analysed.
• Flow cytometry. PBMC were resuspended in cytometry solution (0'1% BSA, 0"01% sodium azide in PBS) at a final concentration of 10-20 x 106 cells/ml. Cells undergoing apoptosis display changes in morphology that can be detected by comparing forward and side scatter profiles. Cells were stained with propidium iodide and analysed in the FACScan. Data analysis was performed with Lysis II software (HewlettPackard). Statistical analysis was performed using the Student's t-test.
• DNA fragmentation analysis. Cells (2 x 106) were lysed in 10 mM-Tris--HC1 pH 7"8, 5 mM-EDTA and 0'5 % SDS and treated with 50 ~g/ml proteinase K (Sigma) for 1 h at 50 °C. High molecular mass DNA was precipitated in 1 M-NaC[ at 4 °C overnight and centrifuged at 12000 r.p.m, for 20 rain at 4 °C. Low molecular mass DNA from the supernatant was extracted with phenol~chloroform and precipitated in 2'5 volumes of 70 % ethanol at -20 °C. Finally, samples were centrifuged at 12000 r.p.m, at 4 °C for Z0 min and then the supernatants were discarded and the pellets air-dried and resuspended in Tris-EDTA pH 7'5. After incubation with 10 mg/ml RNase (Sigma) at 37 °C for I h, DNA was separated by electrophoresis on 2% TAE-agarose gels containing 0-5 ,g/ml ethidium bromide. To minimize spontaneous DNA fragmentation of uninfected controls, cultures were maintained for 24 h in medium containing 5-I0% FCS.
• Quantification of histones from nucleosomal DNA fragments. Cells were washed in RPMI-1640 medium and the ceil pellet was processed in a cell death detection ELISA kit. This method uses an antihistone antibody to detect the core histones (H2A, H2B, H3 and H4) that are complexed with the mono-and oligonucleosome fragments formed in the process of cell death. This system allows the specific detection of histone proteins in the cytoplasmic fraction of approximately 5 × I02 cells/ml (Boehringer Mannheim). Cells were incubated in lysis buffer for 30rain at 4 °C and centrifuged at 12 000 r.p.m, for 12min; high molecular mass DNA remains in the pellet. Then, 400,1 of the supernatant was diluted 1:10 to test by ELISA. Microtitre plates were coated with anti-histone MAb for I h at room temperature. Aliquots (100 ,l) of each sample were incubated in duplicate for 90 min at room temperature, washed and incubated with peroxidase-conjugated antibody (anti-DNA-POD) for 90 min at room temperature. After washing, a substrate solution (ABTS) was added to each well for 5-10 rain. Absorbance was measured at 405 and 620 nm in a computer-assisted spectrophotometer.
• In situ terminal end-labelling. The terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick end-labelling technique (TUNEL) was used to label DNA strand breaks in apoptotic cells, from individual cells in cytospin preparations or from tissue sections (Gavrieli et al., 1992) . Paraffin-embedded tissues were deparaffinized with sequential xylene and absolute ethanol, 95% and 70%, and then washed in PBS. Endogenous peroxidase was quenched in 3 % hydrogen peroxide. Slide preparations were incubated for 15 min at room temperature with 0'I % pepsin (Boehringer Mannheim) prewarmed at 37 °C, with 4% 5 M-HC1 added just before incubation. The following steps were performed using a kit (Oncor): briefly, 3Z ~1 of TdT enzyme in 76 #1 of reaction buffer was applied and incubated in a humidified chamber at 37 °C for I h. To stop the reaction, slides were immersed in a prewarmed stop/wash buffer at 37 °C for 30 min. Slides were rinsed in PBS and peroxidase-conjugated anti-digoxigenin antibody was applied for 30 min at room temperature. Colour development was achieved with 30% hydrogen peroxide and 6 mg DAB (Sigma) in 10 ml PBS. Finally, slides were washed three times in distilled water, counterstained with haematoxylin, dehydrated with xylene and mounted.
Results

ASFV induces apoptosis in infected cells
Adherent cell cultures infected with virulent ASFV showed nuclear fragmentation and apoptotic bodies when stained with a DNA-binding fluorochrome (Hoechst; Fig. la ). Cultures infected with the different viruses at a m.o.i, of I and with more than 90% of cells infected after 24 h were analysed to determine DNA laddering by agarose gel electrophoresis. The characteristic DNA fragmentation produced during the process of apoptosis was observed in several parallel experiments (data not shown).
Adherent cell cultures were also tested for DNA fragmentation by measuring the DNA-associated histone fraction generated in the apoptotic process by a specific ELISA. We analysed this fraction in infected cultures at 24 h post-infection using two different m.o.i. The specific DNA-histone fraction detected in pig macrophages infected at both m.o.i, increased with respect to uninfected control cells and the increase correlated with the m.o.i, used (Fig. I b) .
To analyse ASFV-induced apoptosis during in vivo infection, a total of five pigs were inoculated with highly virulent ASFV isolates. Clinical symptoms of acute ASF were high fever, weakness and anorexia rapidly progressing to a preagonal state within 7 days in all animals. Viraemia titres were higher than I0 G TCIDs0/ml in all animals at day 5 postinfection. Immunohistochemical localization of the virus with a polyclonal anti-ASFV serum in tissues of infected pigs frequently revealed macrophages with positive staining and the characteristic haemadsorption induced by the virus. At the same time, the infected cells presented clear-cut nuclear features of apoptosis (Fig. 2 a, b, c) . Infected cells showed morphological features of different stages of the apoptotic process such as chromatin clumping and margination (Fig. 2a) , cytoplasmic vacuolization, nuclear size reduction and condensation ( 2 b), nuclear fragmentation and formation of membrane-bound apoptotic bodies (Fig. 2 c, J) . Additionally, positive cells from the mononuclear phagocytic system and closely related elements from different tissues bearing features of apoptosis were also found. These related iiii:i:iiii:i,iiiii!iiiii!iiiii!i~iiR~ii~i~a6zii~aiio~66rsi:i;iiii~iiiiiiii were occasionally identified showing both positive staining with anti-ASFV and apoptotic morphology (Fig. 2 d) . Similarly, apoptotic cells were found in the tubular cells of kidney and, also few, in glomeruli (Fig. Z e) . A few hepatocytes were infected and displayed characteristics of programmed cell death ( Fig. 2;0 .
These morphological and biochemical results suggest that ASFV induced apoptosis of infected cells both in vitro and in vivo.
Apoptosis of lymphocytes upon ASFV infection
P B M C cultures infected w i t h A S F V were analysed for virus-induced apoptosis by different methods using flow cytometry. Cultures were infected at a m.o.i, of I and analysed at 24 h post-infection. First, we examined whether apoptosis of lymphocytes during ASFV infection was linked to functional changes in the cell cycle. In this type of analysis, the hypoploid DNA-harbouring apoptotic cells are represented by the sub-G 0 peak (Malorni et al., 1993) . During ASFV infection of PBMC cultures stimulated with the mitogen ConA, the percentage of cells with degraded DNA represented by the sub-G 0 peak was increased compared to mock-infected controls (Fig. 3 b, i ). An increase in the S + G J M mitosis phase after ConA addition is characteristic of a proliferative response to the mitogen. However, after infection with virulent ASFV the normal response of increase in protein synthesis and mitosis was absent (Fig. 3 b, i) . Early phases of the apoptotic process are characterized by a reduced size but enhanced complexity of cells when analysed by flow cytometry. In cells undergoing apoptosis, increased granularity is shown as an increase in side scatter, and cellular shrinkage and fragmentation into apoptotic bodies results in a decrease in forward angle light scatter (Swat et al., 199I) . This characteristic distribution on size/complexity diagrams was observed in PBMC cultures infected with ASFV ( Fig. 3 b, it) .
We also measured the cell fraction stained with propidium iodide, which represents the pool of cells close to death by any mechanism. Cultures infected with virulent ASFV yielded higher numbers of fluorescent cells (Fig. 3 b, iii) than control cultures (Fig. 3 a, iii) .
Serial cytospin preparations of PBMC from infected and non-infected cultures were performed to analyse cell morphology. In virulent virus-infected cultures, where infected cells corresponded to the monocyte fraction, most lymphocytes showed the characteristic morphology" of apoptosis; nuclear fragmentation was evident with a DNAstaining dye (Fig. 4a) .
The fragmentation of DNA into an oligonucleosomal ladder was also studied in infected PBMC cultures and compared with that observed in non-infected cells cultured during the same time. The non-infected cultures showed different degrees of spontaneous DNA laddering, depending on culture conditions such as proportion of serum, added growth factors and age of cultures. After optimization of the conditions, differences in the degree of DNA laddering were observed between infected and non-infected cultures (data not shown). However, quantification of the level of apoptosis induced by the virus in these cells by this method was not possible.
We then analysed the histone protein fraction associated with nucleosomal DNA fragments generated in programmed cell death. Infection of PBMC cultures with three different virulent ASFV isolates at a m.o.i, of I yielded higher apoptosis rates compared to mock-infected cultures (Fig. 4 b) . Differences in apoptosis between control and infected cells were observed by 24 h post-infection. After this, controls showed the On: Sat, 13 Apr 2019 00:11:07
increased basal level of apoptosis associated with ageing cultures. When tissues from inoculated pigs were studied with light microscopy and immunohistochemistry, the bulk of cells with features of apoptosis in lymphoid organs correspond to uninfected lymphoid cells (Fig. 5a ). Striking differences between tissues from pigs infected with virulent viruses and control animals were observed. ASFV infection produced massive apoptosis in lymphoid organs (Fig. 5 b) resulting in intense cell loss, evident under light microscopy (Fig. 5 a) . At the cellular level, the process of programmed cell death included increased nuclear density and progressive chromatin fragmentation into sharply circumscribed half-moon masses under the nuclear membrane (Fig. 5b) . The cytoplasmic membrane formed blister-like protrusions but remained conserved. Finally, cell shrinkage occurred and nuclear masses formed apoptotic bodies, sometimes membrane-bond.
The characteristic morphological changes of apoptosis in tissues from virulent virus-inoculated pigs paralleled the positive signal given by the TUNEL technique (Fig. 6) , which demonstrated in situ the occurrence of DNA fragmentation. In this technique, the labelling target is the multitude of new 3'-OH DNA ends generated by DNA breaks. Digoxigeninlabelled nucleotides are incorporated by TdT onto the 3'-OH ends of ds-or ssDNA (Gavrieli et al., 1992) . Most labelled cells showed typical nuclear alterations such as chromatin clumping and fragmentation, or corresponded to apoptotic bodies. With this method it was observed that apoptotic cells were distributed mainly in broad bands extending from lymph node sinuses to germinal centres and interfollicular areas. Positive labelling was also frequently observed in phagocytes with engulfed apoptotic bodies in the cytoplasm, and localized in germinal centres or marginal sinuses of lymph nodes (Fig. 6 a) . Similarly, positive cells were detected in other organs such as lung (Fig. 6 b) , randomly distributed in alveolar macrophages or in foci localized in bronchial-associated lymphoid tissue, and also in portal tracts and sinusoids in liver and in periarteriolar sheath in spleen.
Implications of programmed cell death induction in pathogenesis of ASFV infection
Virulent virus-inoculated pigs developed acute ASF, with an intense degree of programmed cell death in lymph nodes, as shown in Figs 5 and 6. Within these organs, apoptotic cells were mainly localized in sinuses and in germinal centres of lymphoid follicles, which showed intense cell depletion (Fig.  5 a) . All ganglionar regions were impaired at necropsy but especially the craneo-cervical, mediastinic, gastrohepatic, splenic and mesenteric lymph nodes. It should be emphasized that cell depletion in lymphoid organs was one of the main events in the pathogenesis of the disease which, together with coagulation disorders, led to death during the first week postinfection.
Intense cellular apoptosis and cell loss also affected splenic white pulp, tonsils and bronchial and gastrointestinal lymphoid tissues. In other organs, lymphoid infiltrates and a few parenchymal cells had apoptotic features. In liver, apoptotic cells were found in lymphoid infiltrates from portal spaces and sinusoids.
Discussion
Apoptosis is associated with the CPE of some viruses (Hinshaw et al., 1994; Jeurissen et aI., 1992; Kawanishi, 1993; Lawrent-Crawford et aI., 1991) , both directly or via cytotoxic T lymphocytes (Shibata et al., 1994) . We can conclude from the results presented here that virulent strains of ASFV induced apoptosis in infected target cells after in vitro and in vivo infections. Our results also show that programmed cell death can result from an indirect effect of ASFV on uninfected cells.
ASFV mainly infects cells of the mononuclear phagocyte system, but has also been shown to impair lymphocyte functions (Gonzalez et al., 1990; Wardley, 1982) . The inhibition of lymphocyte proliferation in response to mitogens and the lack of a protective immune response in virulent virus infections suggest a specific mechanism of impairment of lymphocyte populations mediated by ASFV. We have observed induction of programmed cell death by ASFV in lymphoid cells that may explain these facts. Our observations of apoptotic lymphocytes in ASFV-infected animals is in agreement with the recent report of G6mez-Villamandos et al. (1995) ; in addition to confirming their findings in nonlymphoid tissues such as liver, we have extended the observations to include lymphoid organs. The devastating effect of extensive lymphoid cell apoptosis in acute ASF might be related to virus evasion of host immune surveillance and with its rapidly lethal course. Apoptosis within secondary lymphoid organs and tissue-infiltrating lymphocytes could also be a significant component in the pathogenesis of the disease. To our knowledge, induction of programmed cell death in other virus diseases has not been associated with comparable consequences.
Apoptosis induction in ASFV-infected cell cultures supports the observations in organs from infected animals. However, a lack of correlation between in vitro and in vivo infectioninduced apoptosis has been observed in other virus models. For example, murine cytomegaIovirus induces the apoptotic cell death of T cells in vivo but fails to induce programmed cell death of these cells in vitro (Yoshida et al., 1995) . PBMC cultures infected with virulent ASFV presented an increased level of apoptosis when compared to uninfected control cultures, as shown by morphological, biochemical and cell cycle analyses. In such cultures, only the monocyte fraction becomes infected, while virus replication in lymphocytes cannot be demonstrated (Casal et aI., 1984) . This indirect effect on lymphocytes may be caused by the virus itself or through !21( mediators secreted after infection of other cells in the culture, although the precise mechanisms are still unknown.
Apoptosis in lymphoid cells, which are not the natural hosts of ASFV during infection, may represent a new mechanism driving virus-induced immunodeficiency (Koga et a] ., 1994). Programmed cell death has been implicated in amplifcation of immune system damage induced by human immunodeficiency virus (HIV); in AIDS non-infected lymphocytes die by apoptosis and so deplete the population (Groux et al., I992; Razvi & Welsh, 1993) . The mechanism of CD4 + T cell depletion in AIDS appears not to be due to a direct effect of the virus, in view of the small proportion of infected cells. HIV-infected individuals develop CD4 + T cell functional defects that precede the quantitative reduction of this cell population (Ameisen & Capron, 1991) . The alterations in this lymphocyte subpopulation in ASF, as in AIDS, are characterized by a selective loss of the ability to proliferate in vitro in response to mitogens, which cannot be explained by virus burden or cell depletion (GonzaIez et al., 1990; Ramiro-Ib~ifiez et al., 1995) .
Some authors (Banda et al., 1992; Groux et a] ., 1992) found that interaction of the HIV envelope glycoprotein gp120 with its cellular receptor may trigger the apoptotic pathway in T cells by stimulation through the antigen-receptor complex. ASFV-induced apoptosis could also be mediated by stimulation with a structural or virus-induced protein. It has been demonstrated that virus-free supernatants obtained by ultracentrifugation of homogenates of ASFV-infected cultures inhibited the proliferative response and expression of activation molecules in PBMC (Canals et aI., 1995) . Experiments to analyse virus proteins involved in apoptosis are underway.
ASFV induction of programmed cell death could be mediated by ASFV genes with sequence homology to a region that is highly conserved in the bcl-2 gene family (Neilan et al., 1993) . Homology with other genes involved in the regulation of ceI[ death, such as the iap genes of baculovirus, has also been described in ASFV (Y~ifiez et aI., 1995) . Despite the identification of cell death genes which regulate apoptosis, the essential biochemical events of apoptotic death still remain largely unknown. The bcI-2 gene is a proto-oncogene initially recognized to block apoptotic cell death in multiple contexts (Korsmeyer, 1992) . Bcl-2 protein seems to have an important role in the control of entry to the apoptotic pathway of cells affected by very diverse agents (Williams & Smith, 1993) . In the same gent family, genes of survival (bcl-2, bd-x L, etc.) and their antagonists (bcl-x S, bax, etc.) have been identified (Boise et aI., 1993; Oltvai et al., 1993) . With these heterogeneous actions in apoptosis regulation, it is difficult to predict the consequences of genetic homology with this family. Experiments to analyse the role of ASFV genes in programmed cell death are now being carried out.
The co-existence of different gene products regulating apoptosis in the same virus has been reported for adenovirus. There are two known adenovirus genes encoding different products that display opposite effects in apoptosis. The effect of EIA is induction of programmed cell death but the EIB 19 kDa protein inhibits apoptosis (Chiou et al., 1994; Rao et aI., 1992) .
Besides the cellular genes involved in apoptosis regulation, there are cytokines and receptors such as tumour necrosis factor and Fas that may activate programmed cell death (Takahasi et aI., 1994; Yonehara eta]., 1989; Zheng et al., 1995) . A Fas antigen-encoding gene is involved in influenza virusinduced apoptosis (Takizawa et al., 1995) . Recent studies have shown that anti-Fas (Apol) antibodies induced apoptosis and, surprisingly, also induced proliferation in human leukaemic B celIs. Stimulation of the Fas antigen might induce apoptosis or proliferation depending on the processing of intracellular signals and some authors have postulated that bcl-2 may play a major role in influencing the way cells process such signals (Mapara eta] ., 1993). The ASFV gene belonging to the bcl-2/bax family might be responsible for similar modulation, producing either apoptosis or induction of proliferation depending on the cell status or context. With regard to this regulation, we have observed differences in the ASFV-induced apoptosis depending on the virulence of the virus in both in vitro and in vivo infection (F. Ramiro-Ib~i~ez and C. Alonso, unpublished results)
In conclusion, the influence of ASFV on the regulation of apoptosis in normal immune cells has clear implications for the pathogenesis of the acute disease, which is characterized by lymphoid tissue impairment and programmed cell death of a high percentage of lymphoid and monocyte/macrophage cell populations.
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